Introduction
Primary liver cancer is one of the most common cancers at the global level, accounting for half of all cancers in some developing countries (Su et al., 2013) . The outcome of hepatocellular carcinoma (HCC) is related to the extent of both tumor and liver disease, which influence the applicability and efficacy of treatments. The BCLC staging system links disease stage with treatment modalities and with an estimation of life expectancy (Bruix and Sherman, 2011) . Most treatment guidelines recommend therapy based on patient's BCLC stage (Bruix et al., 2001; Ryder, 2003; Parikh et al., 2008; Benson et al., 2009; Omata et al., 2010; Bruix and Sherman, 2011; EASL 2012) . For patients at stage 0, radical therapies can completely eradicate the tumor. Stage A patients should be evaluated for surgical resection or local ablations. Transarterial chemoembolization (TACE) is the preferred option for stage B patients. Sorafenib is the sole treatment that has shown a positive impact on survival for patients with vascular invasion, extrahepatic spread and/or constitutional symptoms in stage C. Stage D patients should receive only symptomatic care, as their expected survival is less than three months (Llovet et al., 2008;  
Materials and Methods
This study was conducted prospectively on 770 Egyptian patients with HCC managed in a tertiary referral center in 2011 and 2012. The study conformed to the ethical guidelines of Declaration of Helsinki, and was approved by the Institutional Review Board. Written informed consent was obtained from each patient. The diagnosis of HCC was mainly non-histological according to the American Association for the Study of Liver Disease (AASLD) criteria of 2005 (Bruix and Sherman, 2005) .
Demographic information, etiology of liver disease, biochemical data including serum bilirubin, serum albumin, prothrombin time and concentration, ALT, AST, complete blood picture and serum alpha-fetoprotein (AFP) were evaluated for all patients. Presence of underlying cirrhosis, ascites and encephalopathy were assessed. Performance status was assessed as recommended by the ECOG (Eastern Cooperative Oncology Group) (Oken et al., 1982) . Assessment of hepatic function based on Child-Turcotte-Pugh (CTP) classification was recorded. Hepatocellular carcinoma characteristics including number of nodules, maximal diameter of the largest nodule, extrahepatic spreading and vascular invasion were detected by dynamic contrast-enhanced CT or MRI. Patients were staged according to the revised BCLC classification of 2009 (Forner et al., 2010) .
A multidisciplinary team (a hepatologist, oncologist, surgeon, transplant surgeon, radiologist and invasive radiologist) made therapeutic decisions for each patient according to the treatment algorithm of therapy recommended by the AASLD for the different stages of the BCLC. Liver transplantation (LTx) was recommended for patients with single tumor less than 5 cm or ≤3 nodules ≤3 cm (within Milan criteria) and AFP level <1,000ng/ ml. Hepatic resection was recommended for patients with single tumor with well-preserved liver function (CTP A) without evidence of portal hypertension. Radiofrequency ablation (RFA) was recommended for patients with up to three lesions up to 5 cm and with compensated liver disease (CTP A or B). Ethanol injection was done in tumors < 2 cm and technically not feasible for RFA. For larger tumors without vascular invasion or extra-hepatic spread and with compensated liver cirrhosis (CTP A or B) TACE was the recommended treatment. Sorafenib was recommended for patients with large multinodular disease not suitable for TACE or patients with vascular invasion, who were within CTP A or B. Patients with decompensated liver disease (CTP C) or with Performance status (PS) >2 received only supportive care.
The actual treatment received by the patients was determined, and it was noted whether it deviated from the recommended therapy or not. The reason for the deviation was noted. Deviations from the AASLD recommended therapy for the BCLC stage was categorized as "upward treatment stage migration"; a group that received treatment which according to the AASLD recommendation was indicated for the previous BCLC stage, or "downward treatment stage migration"; those who received treatment which according to AASLD recommendation was indicated for the later BCLC stage. The patients were followed and the survival was compared in those treated according to BCLC recommendation and those treated differently. 
Statistical analysis
Parametric data was presented as mean and standard deviation, while non-parametric data was presented as median and percentiles for quantitative variables. Qualitative data was summarized by frequencies. The differences between categorical variables were analyzed with a Chi-square test. Length of survival was calculated from the date of HCC diagnosis to the date of death or, in the case of survivors, the date of the last follow up visit. Univariate analysis for survival was performed using the Kaplan-Meier method with the log rank test to verify significance of differences (Kaplan and Meier, 1958) . Survival was plotted as Kaplan-Meier graphs. A p value <0.05 was considered statistically significant.
Results
The baseline characteristics and the treatment of the studied patients are shown in Table 1 . The mean age was 57.8 years (range 30-85 years) and male gender predominated (86.9%). Chronic hepatitis C related cirrhosis was the underlying etiology in most cases (93.9%). Half the patients (53%) were CTP A and 37.9% of patients were CTP B. Four hundred and fifty-four patients (59%) had a single tumor. Portal vein thrombosis (PVT) was found in 165 patients (21.4%) and 80 patients had extrahepatic spread.
Thirty-three patients presented in BCLC stage 0; 259 patients (33.6%) in stage A; 143 (18.6%) in stage B; 265 (34.4%) in stage C and 70 (9.1%) stage D. All patients were referred to treatment according to the BCLC stage and AASLD recommended therapies (Bruix and Sherman, 2011) .
In very early and early stages, 192(65.8%) received resection, ablation, liver transplantation or TACE for unresectable single tumors (more than 5 cm in diameter). Thirty-two (11%) received downward treatment stage migration recommended for stage B (TACE, because they were not suitable for resection and their lesion was considered difficult for local ablation under ultrasound guidance) and 54 patients (18.5%) did not receive active treatment (Table 1) . Only 14 patients (4.8%) received a living donor liver transplant. Eleven and three patients received TACE and sorafenib respectively as second line treatment after failure of local ablation. Reasons for divergence from AASLD recommendations are shown in table 2. Patients' refusal or elevated portal pressure was the main reason for the low resection rate. Technical reasons (difficult tumor site) were the main reason for treatment stage migration in this stage ( Table 2 ).
The median survival of patients in whom treatment stage was migrated downward was lower than patients who received the recommended treatment (15 months vs 36 months, p < 0.001) (Table 3, Figure 1A) .
Of the 292 patients in this group, 216 (71.8%) were within Milan criteria and were candidates for liver transplantation. The main reasons for the low transplant rate were the absence of a suitable donor (living donor transplants {LDLT} only are performed in Egypt, and availability of a suitable related donor limits transplant for most patients), a high AFP level >1,000ng/ml, or limited resources (LTx is only partially reimbursed, and patients have to pay a minimum of $25,000 out of pocket). (Table 1) . The deviations were mainly due to large tumor size and diffuse liver involvement, impaired liver function (CTP score B9) or patients' refusal (Table 2 ). There was no improvement in median survival of patients for whom treatment stage was migrated upwards (15.2 months) compared to those who received recommended treatment (17.2 months). Median survival was slightly shorter in those for whom treatment stage was migrated downwards (12.2 months) (Table 3, Figure 1B) . BCLC stage C included 265 patients. Only 23 patients (7.5%) received the recommended therapy: 20 received sorafenib (7.5%) and three patients were within Milan and received LTx (1.1%). Thirty-one patients received upward treatment stage migration: 22 received TACE (8.3%), three received RFA (1.1%), one received combined RFA and TACE, and two patients underwent hepatic resection (0.8%). Most patients (80.8%) received downward treatment stage migration; with 210 patients receiving supportive care (79.2%), three patients received systemic chemotherapy, and one patient received radiotherapy (Table 1) .
There was no difference in overall survival between patients for whom treatment stage was migrated downwards and those who received recommended treatment, with slight increase in survival in those for whom treatment stage was migrated upwards (11.2 vs. 8.1 months, p=0.4) (Table 3, Figure 1C ). Patients' treatment was deviated in this stage mainly due to lack of reimbursement for sorafenib owing to its high cost, or due to impaired liver function.
In stage D, 63 patients were treated by supportive care and one patient received TACE. Ten patients were within Milan criteria and were offered LTx and six of them underwent LDLT.
Of 770 patients included in our study, 373(48.4%) patients were treated according to BCLC recommendations, and 397 (51.6%) were deviated in the form of upward treatment stage migration in 34 patients (4.5%) and downward treatment stage migration in 363 (47.1%). Deviations were 34.2% in stage 0 and A, 37.7% in stage B and 92.4% in stage C.
Discussion
In the past ten years, 17 guidelines for management of HCC have been published worldwide (Song et al., 2012) . However, adherence to guidelines is seldom as optimal as expected, and adherence is critical in translating recommendations into improved outcomes (Borzio and Sacco, 2013) . Few studies evaluated the implementation of guidelines' algorithms for therapy of HCC (D'Avola et al., 2011; Kim et al., 2011; Radu et al., 2013) , but none has done so in resource-limited settings, in which the incidence of HCC is reported to be remarkably increasing (Jada et al., 2014) .
In this study we analyzed frequency of adherence to recommended therapy and the effect of treatment deviation from guideline recommendation on survival in each BCLC stage in a public tertiary referral hospital for liver disease in Egypt. Only 48.4% of the patients received the recommended treatment, 4.5% of patients received upward treatment stage migration and 47.1% received downward treatment stage migration. The major discrepancy occurred in patients with BCLC stage C. The deviation from treatment was mainly due to the lack of reimbursement for sorafenib, in addition to patients' preference in some cases.
Of patients in stage 0 and A, only 65.8 % received curative treatment, a comparable rate to that reported by D'Avola (66%) (D'Avola et al., 2011) . This is a higher rate than that reported by another Egyptian center (Abdelaziz et al., 2014) . Survival in the present study was affected more (36 months vs. 117 months) than in D'Avola's. This is probably due to the low transplant rate in our series (4.8% vs. 34%) and the shorter period of follow up in our study.
Three percent of the patients included in BCLC B received upward treatment stage migration; a percentage that is very small compared to other studies (D'Avola et al., 2011; Radu et al., 2013) , while 62.2% were treated by TACE. Survival of patients treated according to BCLC (TACE) was better than those who received treatment stage migration.
Although sorafenib has proven survival benefits in BCLC C and is recommended by several guidelines, only 7.5% of our patients with BCLC stage C received sorafenib. Sorafenib is expensive, with an average cost of US $6,000 per month in different countries (Cabrera and Nelson, 2010) , and can only be applied in countries DOI:http://dx.doi.org/10.7314/APJCP.2015.16.16.6929 Real-Life HCC Treatment -Influence on Outcome of Deviation from Therapy Guidelines with extensive financial resources for healthcare services (Parikh et al., 2008; Benson et al., 2009; Bruix and Sherman, 2011; Song et al., 2012) . The monthly cost of sorafenib in Egypt is lower ($3,000 for a month's supply), yet this is close to the annual per-capita income, and is not reimbursed by national or most private insurance, and most patients have to pay out of their own resources.
In this study, treatment stage migration did not significantly affect the survival in patients with BCLC stages B or C in contrast to BCLC stages A which was significantly lower in patients who did not receive recommended therapy. Other studies found better survival for patients with upward treatment stage migration than patients treated according to the BCLC recommendations (Ruzzenente et al., 2009; Pinter et al., 2012; Radu et al., 2013) . Very few patients in this study underwent LDLT. The lack of suitable living-related liver donors and the lack of reimbursement are important reasons why LTx was not performed when indicated.
Few studies reported the adherence rate to the recommended therapy which ranged from 40% to 62% in resource-rich settings (D'Avola et al., 2011; Kim et al., 2011; Radu et al., 2013) . Upward treatment stage migration has been found in 11% -21%, and downward treatment stage migration in 17% -30%, with most deviation (90%) being in stage B. The main reason for not following AASLD recommendations in these studies were the low accessibility to TACE and transplantation, the long waiting time for sorafenib therapy and its expected low survival benefit beside its adverse effects.
In a study by Borzio and his colleagues the most relevant deviation from the AASLD guidelines was an overall downward treatment stage migration . The authors drew attention to the most relevant barrier contributing to the deviations in their population, which were the presence of a large number of elderly patients with relevant extrahepatic co-morbidities.
The main limitation of our study was the low accessibility to LT and sorafenib as main treatment options in our center. This study shows that limited resources were the cause for deviation from guideline recommendation in most cases. The lack of reimbursement for sorafenib prevented more than 90% of patients from accessing recommended therapy. Although 28% of the patients were within Milan criteria and would have been candidates for transplantation, access to liver transplantation was limited, mainly by the lack of living related donors. However, for those patients who had a willing suitable donor, partial reimbursement and the need to pay 75% of the cost was prohibitive for many. This impacted patient survival, and should alert policy-makers and healthcare planners to allocate more resources to these groups of patients, and to strive to make recommended therapy affordable to patients in need.
Our results are probably representative of other resource-limited settings, where treatments are available but not within patients' affordability. These results, however, cannot be generalized to resource-rich countries where treatments are available and completely reimbursed for all patients.
